This study summarizes relationships among blood pressure, 24-hour sodium output, basal output and output under load, in patients on self-selected diets. Additional evidence was secured for the existence of a general correlation between blood pressure and sodium output. This correlation persisted when the blood pressure of hypertensive patients was chronically reduced by medical or surgical therapy.
THE amount of sodium excreted in the urine after a hypertonic saline infusion was previously reported by one of us' to be correlated with the mean blood pressure. As a consequence, the hypertensive patients tended to excrete more sodium than did the normotensive controls. This latter finding was confirmed by Birchall and colleagues. 2 We subsequently showed that the tendency of hypertensive patients toward increased sodium excretion could be elicited not only by hypertonic saline loads, but by mannitol and isotonic saline loads as well.3 A lower, but still significant, correlation between the blood pressure of patients and their urinary sodium output was also demonstrated under basal conditions.' In comparable animal studies we had found that the basal output of sodium was directly proportional to its antecedent intake in the diet. 4 By inference, the relatively high basal sodium output shown by our patients with hypertension was interpreted as indicating an elevated dietary sodium intake. Since the patient group in these studies had been on self-selected diets, an augmented salt appetite was further postulated.
In the present report, these earlier interpretations have been evaluated by studying the 24-hour sodium excretion. The 24-hour From the University of Southern California School of Medicine, Los Angeles, Calif. These studies were made possible through grants from the Los Angeles County Heart Association and the United States Public Health Service. We are grateful to Ciba Pharmaceutical Products, Inc., Summit, N. J., for generous supplies of Apresoline and Esomid. output has been related to the mean blood pressure, as well as to the sodium output under basal conditions and under load.
Investigations of sodium output under load have been extended to the effects of antihypertensive therapy on loading responses; outputs under induced pressure reduction have been compared with the responses observed in subjects who spontaneously exhibited comparable blood pressure levels. The details of these studies are described in the sections which follow.
METHODS AND MATERIALS
The experimental group consisted of 75 subjects, 25 of whom were normotensive at the time of study and 50, hypertensive. The composition of the subject group is shown in table 1. Three of the, patients with essential hypertension had been sympathectomized without success three, four and five years earlier, respectively. All subjects had been on selfselected fluid and dietary intakes for one or more weeks prior to study. The number of subjects used in each test procedure varied with the particular procedure, as indicated in the section on results.
Twenty-four-hour urines were collected as follows: The first morning specimen of the collection day was discarded. Urine was then collected throughout the remainder of that day and night. The collection was then completed with the inclusion of the first specimen of the following morning. The total volume was measured. The water output was considered synonymous with the urine output. An aliquot was analyzed for sodium concentration with a flame photometer and the 24-hour sodium output calculated. The height, weight and sitting blood pressures were measured on the morning on which the collection was completed, and the surface area was calculated. Sodium and water outputs were expressed as milliequivalents per square meter of body surface area per minute and as milliliters per square meter per minute, respectively. 536 Circulation, Volume ., Octo3er, 1966 Basal urine specimens were collected as follows: Food and fluids were withheld from the previous midnight. The time of the first morning urination was noted. After one hour or longer, the subject urinated again and the time was noted. The volume and sodium concentration of this second voiding were measured. The time interval between the first and second urinations was used to calculate the basal rates of sodium and water output.
The technics of the mannitol and 5 per cent salt loading tests have been described in detail.'3 In brief, mannitol was given intravenously in a priming dose of 8 Gm. per square meter followed by a sustaining dose of 75 mg. per square meter per minute. Urine was collected for two or more 20minute periods following an equilibration interval. Five per cent saline was given intravenously in a dose of 100 ml. per square meter in 25 minutes. Urine was collected for two one-hour periods measured from the beginning of the saline infusion. The rates of sodium and water output under either type of load were also expressed as milliequivalents per square meter per minute and as milliliters per square meter per minute, respectively. The blood pressure was taken every 20 minutes during the collection periods, and averaged. When loading tests were performed on patients undergoing antihypertensive drug therapy, the patient maintained the medication schedule by taking the drugs with a minimum amount of water approximately one and one-half hours prior to the start of the test. Blood pressures were estimated with a mercury sphygmomanometer. The mean pressure was taken as half the sum of the systolic and diastolic pres- 
RESULTS
The 24-hour rate of urinary sodium output (64 observations in 28 patients) was found to be significantly correlated with the basal rate of sodium output (rxy = 0.430; t = 3.63; p < 0.01). A similar correlation was found between the 24 hour and basal water outputs (ry = 0.496; t = 4.50; p < 0.01). The 24hour sodium output averaged 0.063 mEq. per square meter per minute, as compared with a basal rate of 0.057 mEq. per square meter per minute. For water, the 24-hour rate was 0.61 ml. per square meter per minute, as compared with a basal rate of 0.63 ml. per square meter per minute. The differences between the 24hour and basal rates were not significant either for sodium or for water.
The 24-hour rate of sodium output (24 patients prior to antihypertensive treatment) was also found to be well correlated with the rate during the two hours following a 5 per cent saline load (ry = 0.616; t = 3.67; p < 0.01) ( fig. 1 ).
The average pretreatment 24-hour urinary sodium excretion of 34 hypertensive patients (average blood pressure 197/120) was compared with that of the 25 normotensive controls (average blood pressure 128/81) ( fig. 2 ).
The output of the hypertensive group was approximately 35 per cent higher (0.0674 mEq. per square meter per minute, as compared with 0.0498 mEq.). This difference was significant (p < 0.01).
The The diets of the 24 normotensive and hypertensive patients were self-selected. 
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JH I,' (1) (2) Relation of blood pressure and urinary sodium output under hypertonic saline load. All values represent the averages of two one-hour collection periods. Sodium chloride, 5 per cent solution, was given intravenously at a rate of 100 ml. per square meter in 25 minutes, starting from the beginning of the first collection period. SBP = Systolic blood pressure (mm. Hg); DBP = Diastolic blood pressure (mm. Hg); UXaV = Urinary sodium output (milliequivalents per square meter per minute).
(Upper left): Patient F. N., a 48 year old female with long-standing sustained hypertension, who had suffered one cerebral vascular accident. This graph illustrates a moderately low pretreatment sodium output; blood pressure, 213/130. During therapy with Apresoline, 800 mg. per day, the sodium output was reduced to 71 per cent of the pretreatment level; the blood pressure fell to 163 Apresoline, 600 mg. perday, and hexamethonium chloride, 3 Gm. per day, the sodium output increased 40 per cent above the pretreatment level; the blood pressure rose slightly. After lumbodorsal sympathectomy and subtotal adrenalectomy the sodium output was reduced to 54 per cent of the pretreatment level; the blood pressure fell to 126/77. year old female with long-standing hypertensive cardiovascular disease. This graph illustrates the similarity in sodium output at the beginning and end of a fourmonth period during which the blood pressure was stable.
(Upper right): Patient F. M., a 28 year old female with malignant hypertension. This graph illustrates a relatively high pretreatment sodium output; blood pressure, 205/120. The sodium output after total adrenalectomy was reduced to 40 per cent of the preoplerative level; the blood pressure fell to 153/108.
(Lower left): Patient E. S., a 36 year old female with sustained, non-malignant hypertension. This graph illustrates a moderately high pretreatment sodium output; blood pressure, 208/132. The sodium output following thoracolumbar sympathectomy was reduced to 30 per cent of the preoperative level; the blood pressure fell to 170/110.
(Lower right): Patient D. J., a 38 year old male with malignant hypertension. This graph illustrates a relatively low pretreatment sodium output; blood pressure, 164/107. Lumbodorsal sympathectomy was without significant effect on sodium output or blood pressure. 5 per cent saline load (67 measurements in 44 patients) showed a significant correlation with the blood pressure (ry = 0.403; t = 3.55; p < 0.01) (table 2). In 26 of these instances the sodium excretion rates were measured subsequent to antihypertensive therapy. The urinary sodium output under load after treatment fell into the same pattern of corre-lation with blood pressure as in the 41 measurements made prior to such treatments (fig.  3 ). The treatments consisted of Apresoline (14 instances); combination of Apresoline with hexamethonium chloride or protoveratrine (five instances); subtotal adrenalectomy and sympathectomy (five instances) and total adrenalectomy (two instances). When UNA'V blood pressure was significantly lowered as a result of treatment, sodium output under load was also reduced. As a consequence, only about 8 per cent of the loading responses during treatment were above the highest level shown by the normotensive controls, as compared with approximately 33 per cent of the hypertensive group's responses prior to treatment. The tendency of sodium output to follow blood pressure is illustrated in figure 4 for selected individual subjects from the group represented in figure 3. Comparable results under mannitol loads are shown for individual subjects in figure 5 .
DISCUSSION
The results signify that the 24-hour output of sodium tends to be higher in hypertensive patients, as had been previously shown for the output under basal conditions and under various types of load.1' 3 Since the diets in the present experiments were self-selected, the significantly higher pretreatment 24-hour output of the hypertensive group, who were studied under conditions of stable weight, supports the inference that the sodium appetite of such patients also tends to be increased.
While this description summarizes the behavior of groups of hypertensive patients, the data in these and previous studies emphasize that individual hypertensive patients varied widely from the mean. In some cases the sodium outputs, both basal and under load, were well within the normotensive range, while in others the excretion rates were as much as double the highest normotensive value. Individual differences in the handling of sodium appeared to be magnified by the imposition of loads. Although many speculations might be advanced to account for these variations, the only two factors so far demonstrated to be involved are the absolute magnitude of the blood pressure and the temporal stage of the hypertensive disease. The influence of these factors and their potential significance have been discussed in other papers. 3' 5, 6 The results in these studies do not demonstrate whether salt appetite is augmented as a compensation for increased renal excretion or whether the converse is correct. However, the profound effect of antihypertensive therapy on loading responses suggests that the excretion of sodium is the primary variable upon which the appetite for sodium is dependent; it seems unlikely that such diverse treatments as Apresoline, hexamethonium, adrenalectomy and sympathectomy would all so alter appetite in the same degree and direction as to uniformly produce comparable secondary changes in the response to salt loads.
SUMMARY AND CONCLUSIONS
The relation of urinary sodium excretion to blood pressure under various conditions was studied in 75 normotensive and hypertensive subjects. The 24-hour rate of sodium excretion was significantly correlated with both the basal rate and the rate under 5 per cent saline load. The average basal rate did not differ significantly from the average 24-hour rate, suggesting that the basal rate may be used as an index of the over-all intake and output in groups of subjects under conditions which indicate the existence of sodium balance.
The average 24-hour output of the hypertensive subjects prior to treatment was about 35 per cent higher than the normotensive output. Since all subjects had been on selfselected diets and had shown stable weights during this period of observation, the inference was made that the sodium appetite of the hypertensive group was increased as well.
The sodium output under load was found to be well correlated with the mean blood pressure. This relationship persisted when the blood pressure of the hypertensive patient was lowered by medical or surgical treatment. As a consequence, only 8 per cent of the treated hypertensive patients showed loading responses above the highest control value, as compared with 33 per cent of the group prior to treatment. These 8 per cent were comprised of individuals whose blood pressure was not materially reduced as a result of treatment.
SUMARIO ESPANOL
La relaci6n de la excreci6n urinaria de sodio a la presi6n arterial bajo varias condiciones fu6 estudiada en 75 sujetos normotensos e hiper-tensos. La excreci6n en 24 horas del sodio corre-lacion6 significativamente con el promedio basal y el promedio de excreci6n bajo una carga de salina al 5 por ciento. El promedio basal no difiri6 significativamente del promedio en 24 horas, sugiriendo que el promedio basal puede ser usado como un indice de la ingesti6n total y excreci6n total en grupos de sujetos bajo condiciones que indican la existencia de balance s6dico.
El promedio de excreci6n total en 24 horas de los sujetos hipertensos anterior al tratamiento fu6 como 35 por ciento mas alto que la excre-ci6n del normotenso. Como todos los sujetos habian estado en dietas seleccionadas personalmente y habian mostrado pesos estables durante el periodo de observaci6n, la inferencia se hizo que el apetito para el sodio del grupo hipertenso tambien estaba aumentado. La excreci6n del sodio bajo carga se encontr6 bien correlacionada con el promedio de presi6n arterial. Esta relaci6n persisti6 cuando la pre-si6n arterial del paciente hipertenso fut rebajada mediante tratamiento medico o quirirgico. Como consecuencia, solamente 8 por ciento de los pacientes hipertensos tratados mostraron respuestas a las cargas m&s altas que los valores control mas altos, al compararlos con 33 por ciento del grupo antes del trata-miento. Este 8 por ciento fu6 compuesto de individuos cuya presi6n arterial no estuvo materialmente reducida como resultado del tratamiento.
